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Abstract 
This work presents a resistive respiratory sensor realized by forming a cluster of carbon nanotubes (CNT) on two plane 
electrodes using dielectrophoresis (DEP) technique. As respiratory gas flows across the multi-walled CNT (MWCNT) cluster, 
vapor molecules condensing on the junctions between neighboring MWCNTs give rise to the variation of the resistance of the 
MWCNT cluster. Preliminary measured results show that the proposed sensor has excellent sensitivity and rapid response with 
high signal to noise ratio. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Assessing the respiratory state of patients in critical conditions is one of the important objectives in health care. 
Various approaches for breath measurement have been proposed recently [1]-[4]. By using pressure sensors, the 
pressure change induced by the exhaled gas flow can be detected. Also, humidity sensors with short response-time 
can be utilized to measure breath dynamics. In addition, by using temperature sensors, the temperature shift near the 
nose during the breath can be measured. However, breath measurement using pressure or temperature sensing 
techniques may be disturbed by the ambient flow or temperature fluctuations. Also, the typical response time of 
commercially-available humidity sensors (10s) is not short enough when compared with the duration of an 
exhalation (3s). Due to the unique electrical, physical, mechanical, and chemical properties, carbon nanotubes (CNT) 
can serve as the sensing materials which offer the possibility of excellent sensitivity and rapid response time.  In 
addition, the high surface area to volume ratio [5][6] of CNT is well suited for physical adsorption or chemical 
interaction [7]. In this work, we propose a novel approach for realizing a respiratory sensor by employing a cluster 
of carbon nanotubes on two plane electrodes using dielectrophoresis technique. 
2. Design and principle 
The operational principle of assembling MWCNTs cluster by using dielectrophoresis is shown in Fig. 1(a). As 
the electric field is applied, the MWCNTs rotate to align with the external field direction by dielectrophoresis force, 
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and then MWCNTs are attracted to the region of high field intensity [8]. As ethanol solution evaporates, the surface 
tension act as a binding force to tie up MWCNTs, which are aligned with the external field direction, and form a 
MWCNTs cluster. 
With an external AC electric field, the dielectrophoresis force acting on CNT can be described by [9]: 
 ܨ஽ா௉ ൌ
ଷ
ଶ
ߨݎଶ݈ߝ௠ܴ݁ሾܭሺ߱ሻሿߘܧଶ        (1) 
where ߘܧଶ is the gradient of the square of electric field, ߝ௠ is the permittivity of the suspending medium, r is the 
radius of the CNT, ݈is the length of the CNT, and ܭሺ߱ሻ is the frequency-dependent Claussius-Mosotti factor. Also, 
ܭሺ߱ሻ is defined as 
 ܭሺ߱ሻ ൌ  ఌ೎
כିఌ೘כ
ఌ೎כାଶఌ೘כ
          (2) 
where ߝ௖כߝ௠כ  represent the frequency-dependent complex permittivities of the CNT and the medium, 
respectively. Furthermore, the complex permittivity is defined as 
 ߝכ ൌ ߝ െ ݆ ቀఙ
ఠ
ቁ          (3) 
where ݆ ൌ ξെͳ, ߝ is permittivity of the dielectric, ı is the conductivity of the dielectric, and ɘ is the frequency of 
the applied AC electric field. Apparently, ܴ݁ሾܭሺ߱ሻሿ depends not only on the electrical properties of the carbon 
nanotube and the medium, but also the frequency of the applied AC electric field. In addition, the magnitude and the 
direction of the induced force can be determined by ܴ݁ሾܭሺ߱ሻሿ. 
Fig. 1(b) shows the operational principle of the proposed respiratory sensor. During expiration, respiratory gas 
flows across the MWCNTs cluster, and the condensation of breath vapor starts at the junctions between 
neighbouring MWCNTs [10]. Then, the accumulation of the adsorbed vapor molecules gives rise to the increase of 
the resistance of the MWCNTs cluster. During inspiration, the vapor molecules evaporate rapidly, and the resistance 
of the MWCNT cluster decreases to the original level. 
 
Fig. 1. (a) The operational principle of assembling a MWCNT cluster. (b) The operational principle of the MWCNTs cluster respiratory  sensor. 
3. Device fabrication 
Fig. 2(a) shows the picture of the DEP electrode for forming the CNT cluster using dielectrophoresis effect. Fig. 
2 (b)-(d) shows the schematic and the picture of the sensing electrode pair on which the MWCNT cluster will be 
formed. The sensing electrode pair is patterned on a silicon substrate by using a standard lift-off technique after a 
gold layer (with chromium as the seed layer) is deposited by e-beam evaporation. 
Fig. 3 shows the process  for forming a MWCNTs cluster on the sensing electrodes. Before the DEP process, the 
sensing electrodes are connected together and serve as bottom electrodes for the DEP process. Also, the DEP 
electrode (Fig. 2(a)) is dipped into the solution mixed with MWCNT. Then, the wetted DEP electrode (Fig. 3(a)) is 
placed above the gap between two sensing electrodes, and a meniscus of a liquid column is formed (Fig. 3(b)). An 
AC voltage of 80 V (peak to peak) at a frequency of 1 MHz is applied for the DEP process. After ethanol solution 
evaporates (Fig. 3(c)), a MWCNT cluster is formed (Fig. 3(d)).  Note that the base of the cluster spans the gap 
between the two the sensing electrodes, so that the electrical properties of the MWCNT cluster can be detected by 
the sensing electrodes. The SEM pictures of a MWCNTs cluster are shown in Fig. 4. 
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Fig. 2. (a) The picture of the electrode for DEP assembly. (b)-(d) The schematic and the pictures of the sensing electrodes. 
 
Fig. 3. The schematic of assembling a MWCNT cluster for the 
respiratory sensor 
Fig. 4. The SEM pictures of an assembled MWCNTs cluster. The 
top-right picture is the closer view (SEM) at the top of the CNT 
cluster, and the bottom-right figure is the closer view at the base of 
the CNT cluster. 
4. Measurement and discussion 
The schematic of the experiment for measuring the breath curves is shown in Fig. 5(a). The proposed sensor is 
placed at a position which is 15 cm below a volunteer’s nostrils. The sampling rate in the experiment is three times 
per second. Fig. 5(b) shows the measured transient resistance variations by normal breath, by deep breath and by the 
air flows of a fan and an air-conditioner. The period cycle of the normal breath is defined by the difference of every 
two adjacent peaks. The rising curve indicates that the volunteer was exhaling.  The declining curve indicates that 
the volunteer was inhaling. Furthermore, the measured results also reveal that the typical noise sources from ambient, 
such as the airflows from a fan or an air conditioner, are nominal compared with the breath signals. Fig. 5(c) shows 
the measured breath characteristics of four volunteers. The R-t curves show the difference of the breath patterns of 
the volunteers. Fig. 5(d) shows breath patterns for a volunteer in different respiratory frequencies (i.e., before 
exercise and after exercise). These experimental results show that the sensor is suited to detect and monitor the 
human breaths under various conditions.  
5. Conclusions 
This work present a novel resistive respiratory sensor realized by forming a cluster of carbon nanotubes on two 
plane electrodes using dielectrophoresis technique. As the respiratory gas flows across the multi-walled CNT cluster, 
the resistance of the cluster increases due to the condensation of the vapor molecules on the junctions between 
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neighboring MWCNTs.  The experimental results show that the proposed sensor is not only suited for detecting and 
monitoring human breath, but also has excellent sensitivity, rapid response and high signal to noise ratio. 
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Fig. 5. (a) The schematic and the picture of the experimental setup for measuring the breath curve; (b) The measured results of the breath and the 
typical ambient noises by using the sensor; (c) The measured breath results of four different volunteers; (d) The measured breath results of a 
volunteer with different respiratory frequencies.  
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